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Sir: 



Enclosed for filing is the utility patent application of Makoto YAMADA and Toshiki 
FUJIWARA for JET PRINTING INK AND INK-JET RECORDING METHOD . 

Also enclosed are: 



[IQ a claim for foreign priority under 35 U.S.C. §§ 119 and/or 365 is [ ] hereby made to 

filed in on ; 

[X] in the declaration; 

[ ] a certified copy of the priority document; 

[ ] a Constructive Petition for Extensions of Time; 

[ ] statement(s) claiming small entity status; 

[X| an Assignment document; 

[ ] an Information Disclosure Statement; and 

[ ] Other: _. 

The declaration of the inventor(s) also is enclosed [ ] will follow. 

[ ] Please amend the specification by inserting before the first line the sentence -This 

application claims priority under 35 U.S.C. §§119 and/or 365 to _ filed in _ on _; the 
entire content of which is hereby incorporated by reference.— 



[ ] 



sheet(s) of [ ] formal [ ] informal drawing(s); 
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The filing fee has been calculated as follows [ ] and in accordance with the enclosed 
preliminary amendment: 

















NO. OF 
CLAIMS 




EXTRA 
CLAIMS 


RATE 


FEE 


Basic Application Fee 


$760.00 


Total Claims 


9 


MINUS 20 = 


0 


X $18.00 


0 


Independent 
Claims 


2 


MINUS 3 - 


0 


X $78.00 


0 


If multiple dependent claims are presented, add $260.00 


0 


Total Application Fee 


$760.00 


If verified Statement claiming small entity status is enclosed, subtract 50% of Total 
Application Fee 


0 


Add Assignment Recording Fee of $40.00 if Assignment document is enclosed 


$40.00 












$800.00 



[X3 A check in the amount of $ 800.00 is enclosed for the fee due. 

[ ] Charge $ to Deposit Account No. 02-4800 for the fee due. 

Please address all correspondence concerning the present application to: 
Platon N. Mandros 

Burns, Doane, Swecker & Mathis, L.L.P. 
P.O. Box 1404 

Alexandria, Virginia 22313-1404. 

The Commissioner is hereby authorized to charge any appropriate fees under 37 C.F.R. 
§§ 1.16, 1.17 and 1.21 that may be required by this paper, and to credit any overpayment, to 
Deposit Account No. 02-4800. This paper is submitted in triplicate. 

Respectfully submitted. 

Burns, Doane, Swecker & Mathis, L.L.P. 



Date: September 30, 1999 By: ^iMo^K CM^sjJk, ^^^^j ^ 

Platon N. Mandros 
Registration No. 22,124 

P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 
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JET PRINTING INK AND im-tTgT Rg gORDlNG MEIHOD 

5 Uie present invention relates to a jet printing ink 

and an ink image- forming method using an ink jet printer, 

BA.CKi(3R0O«D OP THE iNVENTiaSf 

10 An ink- jet recorcjing method has been developed and 

widely used because it has various merits* For exatnple/ 
materials for the method are available at a low cost, and 
high speed recording can be accortspiished. Further, the 
method makes relatively low noise, and easily utilizable 

15 . for full-color recording. 

As the ink- jet recording method , three types are 
known. One is a method in which drops of ink are ejected 
under pressure by means of a piezoelectric element* In 
another method, bubbles are fosrroed in ink by heating so 

20 that the bubbles would push out drops of the ink. The 
other is a method in which drops of ink are sucked and 
ejected with electrostatic force. As the ink for the 
method (i.e*, jet printing ink), various kinds of ink 
such as aqueous ink, oily ink, and solid (melting) ink 

25 have been used. 

Dyes used for the ink should satisfy various condi- 
tions. For example, they should be highly soluble in a 
solvent, and they should have excellent hues. It is also 
necessary for the dyes to have high resistance against 

30 light, heat, air, water and chemicals. Further, they ' 
should be well fixed onto an image-receiving sheet with- 
out blotting. They are furthermore required to have long 
shelf lives, to have no toxicity, to have high purity, 
and to be available at a low cost. 

35 The above-mentioned requirements ought to be consid- 

ered in ink- jet printing systems not only using receiving 
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sheets designed for the specific ink- jet printing system 
but also using an ordinary paper sheets such as a coated 
paper sheet for electrostatic duplicating system or a 
recycled paper sheet. In more detail/ it is itrportant 
5 for ink- jet printing system that these ordinary paper 
sheets are ertployable as the image receiving sheets. 
Therefore, an ink- jet printing ink should form a clear 
image not only on a specifically designed paper sheet but 
also in an ordinary paper . 

10 

SUMMARY OP mS INVENTIQM 

It is an object of the present invention to provide 
an itrproved jet printing ink and an ink- jet recording 
15 method, which forms a clear image not only on a specifi- 
cally designed paper sheet but also in an ordinary paper. 
It is another object of the invention to provide an 
iirproved jet printing ink which forms a clear image with 
good hue, high resistance to light, and fixation to a 
20 variety of paper sheets. ■ 

•There is provided by the invention a jet printing 
ink containing a jet printing ink corrprising a dye and an 
aqueous medium^ v^ich fiirther comprises a basic polymer 
having a side-chain containing a tertiary amino group, a 
25 quaternary ammonium group^ or a nitrogen atona-^containing 
heterocyclic group. 

There is further provided by the invention a method 
of forming an ink image on a receiving sheet using an ink 
jet printer of the invention. 
30 In the invention, the basic polymer preferably con- 

tains a repeating uiiit of the following formula (I) : 

(I) ^ 

35 L-Am 
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in which R is a hycJrogen atorci or methyl; L is a single 
bojnd, -CO-, an alkylene grcfup, an arylene group, or 

a combination thereof; and Am is a tertiary amino group, 
a quaternary ammonium group, or a nitrogen atom-contain- 
5 ing heterocyclic group. 

Particularly preferred basic polymer has a side- 
chain containing a nitrogen atom-containing heterocyclic 
group, such as l-imidazolyl. 

The basic polymer preferably has a molecular weight 
10 (weight average molecular weight: Mw) in the range of 
1,000 to 100,000; and is contained preferably in an. 
^fnoiHit of 0.1 to 50 weight %, based caa the amount of ink, 
so that the resulting ink has a viscosity of 50 cp or 
lower at 25*C. 

IS In the jet printing ixdc of the invention, the dye 

preferably is an azomethine dye or an azo dye. 

Dgl^T:-^.tftn n RgCRipnOM OF THE INVEITriQN 

20 ihe Characteristic feature of the invention resides 

in the use of a basic polymer having a specific basic 
group in an ink for ink- jet printing system. In more 
detail, it is known that a jet -printing ink should have a 
low viscosity, because it should be ejected the form of 

25 drops through a nozzle • Therefore, those skilled in the 
art have not considered to incorporate a polymer into a 
jet-printing ink, which likely brings about viscosity 
increase of the ink. 

The present inventors have tried to use a basic 

30 polymer which has been known as a mordant polymer (de- 
scribed in Japanese Patent Provisional Publication HIO-.. 
217597) in a jet -printing ink for ittproving cotpatibility 
between a jet -printing ixik and a variety of ordinary 
paper sheets. The trial has been so successful that a 

35 clear ink image is formed on ordinary paper sheets (which 
are not specifically designed for the use in jet -printing 
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systems) using an ink cant^iniiig the specifically select- 
ed basic polymer, which has been known only as a mordant 
polymer for photographic materials^. No adverse effect on 
the ejection of an ink fzcm the nozzle has been observed^ 
5 notwithstanding the incorporation of a polymer toartial in 
the ink- 

Ihe basic polymer to be incorporated in the jet- 
printing ink of the invention has a side-chain which 
contains a tertiary amino group, a quaternary ammonium 

10 group, or a nitrogen atom-containing heterocyclic group. 
The tertiary amino group can be represented by the 
formula of -1^, in which R is an alkyl group, a substi- 
tuted alkyl group ^ an alkenyl group, a substituted 
alkenyl group, an alkynyl group, a substituted alkynyl 

15 group, an aryl groxap, or a .siibstituted aryl group. Pre- 
ferred are an alkyl group, a substituted alkyl group, an 
alkenyl group, a substituted alkenyl group, an allcynyl 
group, and a substituted alkynyl group, itore preferred 
are an alkyl group, ,a sid^stituted alkyl group, an alkenyl 

20 group, and a substituted alkenyl group. Most preferred 
are an alkyl group and a substituted alkyl group- Par- 
ticularly preferred is an al3c/i group. In the formula of 
one R is the 3ame as or different from another R. 
The alkyl group preferably has a linear or branched 

25 chain strxicture, but may have a cyclic structure. The 
alkyl group preferably has 1 to 20 carbon atoms, more 
preferably 1 to 15 carbon atoms, further preferably 1 to 
12 carbon atoms, and most preferably 1 to 10 carbon at- 
oms* 

30 The substituted alkyl group has an alkyl moiety 

mentioned above and one or more substituents such as 

hydroxyl, cyano and aryl. 

The alkenyl group preferably has a linear or 

branched chain structure, but may have a cyclic struc- 
35 tinre- The alkenyl group preferably has 2 to 20 carbon 

atoms, more preferably 2 to 15 carbon atoms, ftirther 
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preferably 2 to 12 carbon atom©/ artd most preferably 2 to 
10 carbon atoms* 

The substituted alkenyl group has bxi alkenyl moiety 
mentioned above and one or more substituents such as 
5 hydro5<yl, cyano and aryl* 

The alkynyl group preferably has a linear or 
branched chain structure, but may have a cyclic struc- 
ture. The alkynyl group preferably has 2 to 20 carbon 
atoms ^ more preferably 2 to 15 carbon atanas, further 

10 preferably 2 to 12 carbon atoms, and most preferably 2 to 
10 carbon atoms. 

The substituted alkynyl group has an alkynyl moiety 
mentioned above and one or more siabstituents such as 
.hydroxyl, cyano and aryl* 

15 The quaternary amnonium group can be represented by 

the formula of -N+Rg, in ^*dch R is a hydrogen atom, an 
alkyl group, a substituted alkyl group, an alkenyl group, 
a substituted alkenyl groups an alkynyl gro\;$>, a sxabsti- 
tuted alkynyl group, an aryl group, or a substituted aryl 

20 group. Preferred are an alkyl group^ a svibstituted alkyl 
group, an alkenyl group, a substituted alkenyl group, an 
alkynyl group, and a substituted alkynyl group. More 
preferred are an alkyl group, a substituted alkyl group, 
an alkenyl group, and a substituted alkenyl group. Most 

25 preferred are an alkyl group, and a substituted alkyl 

group. Particularly preferred is an alkyl group. In the 
formula, three R are the same as or different from each 
other, 

Exanples of the alkyl groups, substituted alkyl 
30 groups, alkenyl groups, sxAbstituted alkenyl groups, 

alkynyl groups, and substituted alkynyl groups are those 
described above for R of the tertiary amino group. 

The quaternary atrooniuin group may have an anion sucii 
as a halide ion or a sulfonate ion, as a counter ion* 
35 The heterocyclic ring of the nitrogen atom- contain- 

ing heterocyclic group preferably is a five- or six-mem- 
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bered ring, particularly a five-membered riiig. The 
heterocyclic ring itiay contain a hetero atom other than 
the nitrogen atom, for instance, an* oxygen atom or a ^1- 
f-ur atom. However, a heterocyclic ring containing only a 
5 nitrogen atom as the hetero atom is preferred. The het- 
erocyclic ring preferably is an unsaturated heterocyclic 
ring bat may be a saturated heterocyclic ring. Most 
preferred is an unsatxirated heterocyclic ring containing 
a dcfuble bond as tnuch as possible. The five- or six- 
10 membered heterocyclic rii^g preferably contains one or two 
nitrogen atoms. Most preferred nitrogen atom- containing 
heterocyclic ring is an imidazole ring, particularly 1- 
imidasolyl . 

The nitrogen atom contained in the heterocyclic ring 
15 may be in the form of an ammonium ion, which may have an 
anion such as a halide ion or a sulfonate ion, as a coun- 
ter ion. 

The basic polymer preferably contains a repeating 
unit of the following formula (l) : 
20 • ' 

(I) »? 

L-^Am 

25 in which R is a hydrogen atom or methyl; L is a sii^le 
bond/ -CO-, -0-, an alkylane group, an arylene group, or 
one of their combinations such as -arylene-alkylene- , and 
-CD-O-alJcylene- (the left end is attached to the main 
chain and the right end is attached to Am) ; and Am is a 

30 tertiary amino group, a quaternary ammoniiim group, or a 
, nitrogen atom- containing heterocyclic group, such as 
those described hereinbefore, 

Sxairples of the repeating units of the fozrmila (I) 
are illustrated below: 



35 
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(M) 9H3 
— CHg-C 



(1-2)— CHa-CH — 



CO-O-CHgCHa-N^ 

C2H5 ^ P2H5 

(1-3) — CH2-9H— a-4)-CH2-(;H-- CgHs 




(1-5) — CH2-<JH — 



CHa-N^ 



(1-6) — CH2-<JH— 



CH3 



.0 



Hg (1-7) -CHg-qH- 

CH2CH2OH 




(1-8) — CHg -9H — (1-9) — CH2 -OH — 



0 



9H2OH 
CH2-CO-O-CH2-9H 

OH 
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a 
m 

w- 
m 

m 
■o. 



(M0)-CH2-<(H 



(i-u) 9H3 e 

CO -O-CHaCHa-Tjl-CHg— 

CgHs 



(1-12)— CH2-QH 




(M3)~-CH2-CH 



Ct 




CI 



0 



^6Hl3 

CH2-N-CsHi3 



(1-14)— CH2-QH 




CHg-r^l-CHa— <(_7 
CHs 



(M5) — CHg-CH 




(1-16) -CHa-CH— 



CI 



e 



CH,-i 



D 




CI 



9 



CH2-N^ 
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The basic polymer can be a homqpolymer conposed of a 
repeating unit of the fonmala (I) or a copolynter corrpris- 
ing two or ircre different repeatiiig units having the . 
formcala (I) . Alternatively, the basic polymer can be a 
5 copolymer comprising a repeating unit of the fonnula (1) 
and one or itK^re other repeating units- The latter copol- 
ymer preferably contains at least 20 molar %/ more pref- 
erably at least 40 molar %, further preferably at least 
50 molar most preferably at least 60 molar %/ of the 
10 repeating unit of the formula (I) , 

Preferred repeating imits are illustrated below; 



15 O-CO-CH3 



20 



25 




--^H-CHg^ SO3 K 

CN J. • -^H2^- 

y jj C0-0-CH3 



Exairples of the basic polymers are listed below: 





A-1: 


-{I-Dioo- 




A-2: 


- (1-2) 100- 


30 


A-3: 


-(I-3)9o-(II-l)io- 




A-4: 


-(I-3)ioo- 




A-5j 


-(I-4)zoo- 




A-6: 


- (1-3) so- (1-5) 50- 




A-7: 


-(I-3)so-(II-2)so- 


35 


A-8! 


-(I-3),s-(II-3)2s-. 




A-9: 


- (1-3) (1-5)30- (II-3) 10- 
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A-10: - (1-3) 60- (11-4)40- 

A-11: - (1-4) 80- (II-5) IB- (11-1)5- 

A-12: - (1-6) 100- 
A- 13: -(I-7)ioo- 
5 A- 14: -(1-3) so- (1-7) 10- 

A-15: - (11-6)50- (1-8) 8S- (1-9) 2s- 
A-16: -(II-5)so-(I-3)3S-(I-10)is- 
A-17: -d-lDioo- 
A-18: -(1-12)100- 
10 A- 19: -(1-13) 100- 

A-20 : - (1-14) 47.5- (II-5) 47.5" (H-D s- 
A-21: -(1-15)47.5- (11-5)47.$- {3:1-1) 
A-22: -(l-16)35-(II-l)s- 
A-23: -(1-3)70- (1-5) 30- 
15 A-24: - (II-S) 50- (1-3)35- (I-IO) 15- 

ivra or more basic polymers can be employed in cotiibi- 
nation. 

■The basic polymer preferably has a mean molecular 
20 weight (Mw) in the range of 1,000 to 100,000, more pref- 
erably 5,000 to 50,000. 

Hie basic polymer etiployed in the invention is )a3own 
as a polymer mordant. Exaitples of the known basic poly- 
having the fonnula (1) are given below: 
25 Polymer mordants having a tertiary imidazole rii^g 

are described in Uciites States Patents No. 4,282,305, No. 
4,115,124, and No. 3,148,061, and Japanese Patent Provi- 
sional Publications No. SO-118834 and Nb. 60-122941; 

Polymer mordants having a quaternary imidazolium 
30 group are described in British Patents No. 2,056,101, No. 
2,093,041, and No. 1,594,961, Utaited States Patents No. 
4,124,386, No. 4,115,124, Nb. 4,273,853, and Nb. 
4,450,224, and Japanese Patent Provisional Publicaticxi 
No. 48-28325/ 

35 Polymer mordants having a quaternary ammonium gro\^ 

are described in Unites States Patents No. 3, 709, 690, NO. 
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3,898,088, and NO* 3,958,995, and Japanese Patent Provi- 
sional Publications No. SO-57836, No- 60-60643, No. 60- 
122940, No- 60-122942, and No. 60-235134; 

Polymer mordants having a pyridine ring or a pyridi- 
5 nium group are described in tliited States Patents No* 
2,548,564, No. 2,484,403, No. 3,148,161, and No, 
3,756,814; 

Polymer tnordaxits vfeLch can form a cross-link with 
gelatin are described in tlnites States Patents No, 
10 3,625,694, No.^ 3,859,096, and No. 4.128,538, and British 
Patent No. 1,277,453; 

Aqueous sol mordants are described in Unites States 
Patents No. 2,721,852, No. 2,798,063, and No, 3,958,995, 
and Japanese Patent Provisional Publications No. 54- 
15 26027, No. 54-115228, and No. 54-145529; 

Reactive mordants having a covalent bond with a dye 
are described in United States Patent No. 4,168,976 and 
Japanese Patent Provisional Publication 54-137333; and 
other polymer mozdants are described in Unites 
20 States Patents No. 2,675,316, No* 2,882,156, No. 

.3/271,147, No. 3, 271, 148, No. 3,488,706, No. 3,557,066, 
No. 3,642,482, No. 3,709,690, and No. 3,788,855, and 
Japanese Patent Provisional Publications No. , 50-71332, 
No. 53-30328, No. 52-155528, No. 53-125, and No. 53-1024. 
25 The basic polymer is preferably contained in the 

jet -printing ink in an amount of 0.1 to 50 weight %, more 
preferably 0.1 to 20 weight %. The basic polymer is 
preferably used in the range of 0.1 to 10 moles (iri terms 
of the basic functional group such as the tertiary amino 
30 group, quaternary annnonium group, or the nitrogen atom- 
containing heterocyclic group) , more preferably 1 to 50 
moles, based on one mole of the dye- 

The. jet -printing ink of the invention containing • the 
basic polymer preferably has a viscosity of 50 cp or less 
35 (measured at 25^C) , more preferably 20 cp or less , 

The jet -printing ink further contains a dye. The 
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basic polymer of the Inventioxi is preferably employed in 
combination with an asomethine dye or an azo dye* The 
azanethine dye has a basic structure of heterocyclic ring 
sN-aronatic ring, and the azo dye has a basic structure 
of heterocyclic ring (or an arotnatic ring) -N=N-aranatic 
ring. 

Pref erred exattiples of the azomethine dyes are those 
having the formulas (III) and (W) which are illustrated 
below: 



(ffl) R1 



15 





In the foCTftilas (III) and (IV) ^ each of and ii? 

20 ii5dependently is a hydrogen atom, a halogen atom, an 
alkyl group, a cycloalkyl group, an arall^l group, an 
aryl group, a heterocyclic group, an alkoxy group, an 
aryloxy group, cyano, amido, sulfonamide, ureido; an 
alkoxycarbc^ylamino group, an alJcylthio group, an 

25 arylthio group, an alko5(ycarbonyl group, a carbamoyl 
group, a sulfamoyl group, a sulfonyl group, an acyl 
group, an amino group, or an alkylamino group. The ben- 
z®ae ring contained in these groups may have one or tcore 
substituents selected from the group consisting of halo- 

30 gen, alkyl, cycloalkyl, aralkyl, aryl, heterocyclic ring, 
alkoxy, azyloxy, cyano, amido, sulfonamide, ureido, 
alkoxycarbonylamino, alkylthio, arylthio, alkoxycarbonyl, 
carbatnoyl, sulfainoyl, sulfonyl, acyl, amino and 
alkylamino. 

35 In the formulas (III) and (IV), m is 0, 1, 2, 3, or 

4 • If m is a plural number, plural R can be the same as 
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5 



10 

20 




25 



30 



35 



or different from eac±L other. Each of X, Y aiid 2 inde- 
pendently is «N- or =CR2., in which is hydrogen, alkyl, 
cycloalkyl, aralkyl, aryl, heterocyclic ring, alko3<y, or 
arylo^- In the case that both of X and Y are ^CR^-, 
these two can be combined to form a ring. 

In the forntula (III) , M is a hydrogen atom, a disso- 
ciated inorganic base, a primary amine, a secondary 
amine, or a tertiary amine* 

In the formula (IV> , each of and R^ independently 
is a hyirogen atom, an alJcyl group r a cycloalkyl group, 
an arallcyl group, or an aryl group, Otherwrise, R'* and R^ 
can be corribined to fortn a ring* A set of R^ and R*, and a 
set of R^ and R^ can be corpbined to form a rix^g. 

The azomethine dye of the fortmila (III) or (IV) 
preferably has a strongly hydrqphilic group such as sul- 
fo, as the sxibstituent group. Ihe s^lfo is preferably 
dissociated, and more preferably in the form of a salt. 
A counter ion to the sulfo to form a salt prefearably is 
an alkali metal ion. 

Preferred examples of the azo dyes are those having 
the formulas (V) and (VI) vAiich are illustrated below: 



In the formulas (V) and (VI) , each of RS R^ R* and 
R^ independently is a hydrogen atom, a halogen atom, an 
alkyl group, a cycloalkyl group, . an aralkyl group, an 
aryl group, a heterocyclic group, cyano, hydroxyl, nitro, 
amino, an alkylamino, an alkoxy group, an aryloxy group, 
amido, an arylacnino group, ureido, sulfamoylamino, an 
alkylthio group, an arylthio group, an alkoxycarbonyl 
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group, a heterocyclic ring-oxy group, an azo grofup, an 
acyloxy group/ a carbaxiKDyloxy group, a silylo5«y group, an 
aryloxycarbonyl group, an arylo3«ycarbonylainino group, an 
Imido group, a heterocyclic ring-thio grcoip, sulfinyl/ 
5 phosphoryl, an acyl group, carboxyl or sulfo, and R? 
are combined to form an aronatic ring or a heterocyclic 
ring. 

In the fonnulas (V) and (VI) , R^^ is an unsaturated 
heterocyclic ring, which preferably is a f ive-^ or six- 

10 membered ring* The five-merhbered ring is most preferred. 
The TJinsaturated heterocyclic ring preferably has a double 
bond as much as possible* As the hetero atom, nitrogen, 
oxygen or sulfur is preferred, and nitrogen and sulfur 
are specifically preferred. The unsaturated heterocyclic 

15 ring may be fused with a benz^ae ring or other heterocy- 
clic rings. 

In the f ortnula (V) , M is a hydrogen atom, a disso- 
ciated inorganic base, a primary amine, a secondary 
araine, or a tertiary amine. 

20 In the f03TOuila {VI ) , each of R'* and independently 

is a hydrogen atann, an al3<yl group, a cycloalkyl group, 
an aralkyl groxip, or an air^^l group. Otherwise, and 
can be combined to forrci a ring. A set of R^ and R^, and a 
set of R^ and R* can be combined to form a ring. 

25 Ihe azo dye of the formula (V) or (VI) preferably 

has a strongly hydrophilic group such as sulfo, as the 
substituent group. The sulfo is preferably dissociated, 
and more preferably in the form of a salt, A counter ion 
to the sialfo to fo^nm a salt preferably is an alkali metal 

30 ion. 

Examples of the azomethine dyes and azo dyes are 
further described below: 



35 
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CH3 



CN CHa' 
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CHaCHaSOsNa 
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(VI-10) SOgNa 
'A 
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Uie azomethine dy« and azo dye are descrii?ed in 
Japanese Patent Provisional Publications No. Hll-158422 
and No, Hll-172183* 

Two or tnore azotnetMixe dyes and/or a20 dyes can be 
5 errployed in combination. The azomethine dye and azo <^ 
can be used in combination with one or more other dyes. 
The azomethine dye and azo dye shows a hue of magenta or 
can. Therefore, a cocribination of the azomethine dye or 
azo dye with a dye giving a yellow hue such as that de- 
10 scribed in Japanese Patent Provisional Publication No, 
HID -95942 is preferably eirployed for preparing a color 
image. 

In the ink, the dye is preferably contained in an 
" amount of 0,1 to 30 weight %, 

15 The medium of aqueous ink is an aqueous medium, such 

as water or a mixture of water and an organic solvent 
compatible with water, Exairples of the water- corrpatible 
organic solvents inclu<fe alcohols (e.g., methanol,, etha- 
nol, propanoic isqpropanol, butanol, iso-butanol, sec- 

20 butanol, t-butanol/ pentanol, hexanol, cyclohexanol, 
l^enzyl alcohol) , polyhydric alcohols (e*g., ethylene 
glycol, diethyl^ie glycol, triethylene glycol, polyethyl- 
ene glycol, propylene glycol, dipropylene glycol, poly- 
propylene glycol, butylene glycol, hexaaediol, pentane 

25 diol, glycerol, hexanetriol, thiodiglycol) , glycol deriv- 
atives (e*g*, ethylene glycol monomethyl ether, ethylene 
glycol monoethyl ether, ethylene glycol monobutyl ether, 
diethylene glycol monomethyl ether, diethylene glycol 
monobutyl ehter, propylene glycol .monomethyl ether, pro- 

30 pylene glycol monobutyl ether, dipropylene glycol mono^ 
methyl ether, triethylene glycol mcoaomethyl ether, ethyl- 
ene glycol diacetate, ethylexie glycol monomethyl ether 
acetate, triethylene glycol monomethyl ether, triethylene 
glycol monoethyl ether, ethylene glycol monophenyl 

35 ether), amines (e.g., ethanolamine, diethanolamine, tri- 
ethanolamine, N-methyldiethanolamine, N-ethyldiethanol- 
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amine, tnorpholine, N^-ethylrnQxpholine, ethylenediamiixe^ 
diethylenetriamine; triethylenetetramine, polyethylene- 
imine, tetramethylpropylenediamiae} ^ and other polar 
solvients (e,g., formamide, N^N-dimethylforroantide, N,N- 
5 dimethylacetaitdde, dimethylsulf oxide/ sulfolane, 2- 

pyrrolidone, N-imethyl-2-pyrrolidone, N-vinyl-2-pyrroli- 
done, 2-oxa20lidone, and l,3-diniethyl-2-imidazolidir3ane', 
acetonitrile, acetone) . 

Two or inore kinds of water-conpatible organic sol- 

10 vents my be used in combination with vTater. 

The dye tray be dissolved or dispersed in an aqueous 
solvent (i,e-/ water or a mixture of water and a water- 
conpatible organic solvent) to prepare aqueous ink. For 
dispersing, the dye is preferably tnade to be in the form 

15 of fine particles by means of a dispersing machine (e.g., 
ball mill^ sand mill, attriter, roll mill, agitator mill, 
Kenscfaek mixer, colloid mill, ultrasonic homogenizer, 
pearl mill, jet mill, ong mill) * The dye may be dis- 
solved in an organic solvent, and then the solution may 

20 be emulsified in an aqueous $olutica:i. For emulsifying, 
dispersing agents (eiiualsifiers) or surface active ag^ts 
can be used, ihe preparation method of aqueous jet 
printing ink is described in Japanese Patent Provisional 
Publications No- H5-148436, No. H5-295312, No, H7-97541, 

25 No. H7- 82515, and No. H7-118584, 

Exartples of the organic solvents include alcohols 
{e.g,, ethanol, pentanol, heptanol, cyclohexanol, benzyl 
alcohol, phenethyl alcohol, phenylprqpyl alcohol, fur- 
f-uryl alcohol, and anise alcohol), glycohols (e.g., eth- 

30 ylene glycol monoethyl ether, ethylene glycohol mono- 

phenyl ether, diethylene glycol monoethyl ether, diethyl - 
ene glycol monobutyl ether, propylene glycol monoethyl 
ether, propylene glycol monophenyl ether, diprc^ylene 
glycol monomethyl ether, dipropylene glycol monoethyl 

35 ether, triethylene glycol monoethyl ether, ethylene gly- 
col diacetate, ethylene glycol monoethyl ether acetate. 
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propylene glycol diacetate) , ketones (e*g,/ benzyl 
methyl ketone, diacetone alcohol, and cyclohexanone) , 
ethers (e,g./ butyl phenyl ether, benzyl ethyl ether, and 
dihexi^l ether), esters (e.g., ethyl acetate, airyl ace- 
5 tate, benzyl acetate, phenylethyl acetate', phenoxyethyl 
acetate, ethyl phenylacetate, benzyl propionate, ethyl 
benzoate, butyl benzoate, ethyl laureate, butyl laureate, 
isopropyl myristate, ispprqpyl palmitate, triethyl phos- 
phate, tributyl phosphate, diethyl phthalate, dlbutyl 

10 phthalate, diethyl, malonate, diprqpyl raalonate, diethyl - 
tnalonate diethyl succinate, dibutyl succinate, diethyl 
glutarate, diethyl adipate, dibutyl adipate, di-2- 
tnethoxyethyl adipate, diethyl sebacate, diethyl maleate, 
dibutyl traleate, dioctyl tnaleate, diethyl fumarate, 

X5 dioctyl fumrate, and S-hexenyl cinnamate) , hydrocarbon 
solvents (e,g,, petroleum ether, petroleum ben^in, tetra- 
lin, decalin, l-atrylbenzene, and diitethylnaphthalene) , 
and other polar solvents (e.g., acetonitrile, formamide, 
N,N-ditnethylfornHmide, N,N-dimethylacetamide/ dimethyl- 

20 sxilf oxide, sulfol'ane, propylene carbonate, N-Tnethyl-2- 
pyrrolidone, N-vinyl-2-pyrrolidone, • and N,N-diethyl- 
dodecanamide* Two or more organic solvents can be em- 
ployed in combination. 

'In the jet printing ink, various additives can' be 

25 contained/ if desired- Examples of the additives include 
viscosity controlling agent, sxirface tension controlling 
agent, specific resistance controlling agent, film- forma- 
tion controlling agent, UV absorber, anti-^oxidizing 
agent, anti -fading agent, antifungal agent, rust inhibir 

,30 tor, dispersing agent, and surface active agent- Addi- 
tives for the jet printing ink are described in Japanese 
Patent Provisional Publication No. HlO-95942. The anti- 
fading agent and W absorber are 'described in Japanese 
Patent Provisional Publications No. Hl-1354€, , No, Hl- 

35 1S965S, and No. Hl-171887. 

The jet -printing ink preferably has a surface ten- 
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sion in the range of 20 to 100 dyn/cm- 

For forming a full -color imager ii^s of magenta/ 
cyan and yellow hues can be used* Further/ ii^k of black 
hue can be used to control the hues of the image, 
5 As recording paper (image -receiving sheet) for ink- 

jet printing, coat paper is preferred from the viewpoints 
of image quality and storing durability of image • 

The image-receiving sheet for ink-jet recording may 
contain an inorganic pigment, Exartples of the inorganic 
10 pigment include silica pigment, alumina pigment, titanium 
dicocide pigment/ zinc oxide pigment, zirconium oxide 
pigment/ mica- shaped iron oxide, white lead, lead oxide 
pigment, cobalt oxide pigment, strontium chromate, raol^- 
denum pigments/ smectites, magnesium oxide pigment, cal- 
ls ciina oxide pigment, calcium carbonate pigment, and 

mullite* Two or more pigments may be used in combina- 
tion. 

The inage-receiving sheet preferably comprises a hy- 
drqphilic layer (an , ink-recisiving layer) containing a 

20 hydrophilic binder. The binder preferably ±s a water ab- 
sorptive polymer. Exatrples of the hydrophilic binders 
include gelatin/ gelatin derivatives, polyvinyl alcohol, 
polyvinyl alcohol derivatives, polyalkyleneoxide, and 
polyalkyleneoxide derivatives. The hydrophilic binder is 

25 described in Japanese Patent Provisional Publication No. 
Hl-161236, pp. 215-222, 

The image-receiving material preferably contains a 
matting agent* The matting agent is described in Japa- 
nese Patent Provisional Publication No. H1-16123S, pp* 

30 263-264. 

The ink-receiving layer in the iinage-receiving sheet 
is preferably hardened by a curir^ ag^t- The curing 
agent is described in Japanese Patent Provisional Publi- 
cation No. Hl-161236, pp,222, 
35 The layers constituting the image- receiving sheet 

may contain a surface active agent* The surface active 
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agent serves as a coating aid, a releasing agent, a slip- 
ping agent and an anti- static agent. Japanese Patent 
Provisional Publication Nos. 62-173463 and 62-183457 
describe the surface active agent * 
5 In place of the siirface active agent, organic fluo- 

rine cortjxsfunds my be used, ihe organic fluorine com- 
pounds preferably are hydrophobic* Sxarcples of the com- 
pounds include fluorine-contained stir^ace active agents, 
oily fluorine coTnpounds (e.g., fluorine oil)/ and solid 
10 fluorocarbon resins (e.g. tetrafluoroethylene resin) . 

The organic fluorine coccpounds are described in Japanese 
. Patent Publication No, 57-9053 (Column 8-17) and Japanese 
Patent Provisional Publication Nos. 61-20994 and 62- 
13S826- 

15 ihe layers (including a back coating layer) of the 

image-receiving sheet niay contain a polymer latex* ihe 
polyffter latex iirproves characteristics of the layers. 
For example, it gives dimensional stability, and ixdiibits 
curling, adhesion, and crackling of the layers* Japanese 

20 Patent Provisional Publication Nos. 62-245258, 62- 

13 1664 8, and 62-110066 describe the polymer latex. A 
polymer latex having a low glass transition tenperature 
(not higher than 40'=h::) can prevent the layer containing a 
mordant from cracking and curling. On the other hand, a 

25 polymer latex having a high glass transition point can 
prevent the back coating layer fran curling* 

An anti- fading agent my be contained in the layers 
of the image-receiving sheet. The "anti-fading agent" 
include ant i -oxidizing agent, UV absorber and metal com- 

30 plexes. Japanese Patent Provisional Publication No. HI- 
161236 pp. 225-247 describes the anti- fading agent. 

The image- receiving sheet may contain a fluorescent 
whitening dye. The whitening dye may be added in the 
ink. 

35 A particularly preferred support of the image re- 

ceiving sheet is a plastic film or a sheet of paper hav- 
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ing stirfaces laminated with a film of polyolefin (e*g«, 
polyethylene, polystyrene, polyethyl^e terephthalate, 
polybutene, and copolymers thereof) . Preferably, a white 
pigment (e-g.^ titanium oxide, zinc oxide) or a coloring 
5 dye (e.g., cobalt blue, ultratnarine, neodymium oxide) is 
added into the polyolefin* 

Generally, the ink- jet recording method is performed . 
in an on-demand system or in a continuous system* As the 
head for ink- jet recording {i*e., jet head) , bubble jet 

10 type, thermal jet type, and ultrasonic type are Jmown. 

There are some types of the ink- jet recording meth- 
od- For exanple, in one type, many small drops of thin 
ink (which is often referred to as »'photo-ink«) are jet- 
ted out. In another type, two or more ixiks having the 

15 same hue but different concentrations are etrployed so as 
to irrprove image quality. Further, colorless and trans- 
parent ink can be used for the ink- jet recordir^. The 
present invention is particularly effective in the ink- 
jet recording method in vfeLda many small drops of thin 

20 ink are jetted out to print a photographic image in a 
high speed* 

CotTParison Rxample 1 
[Preparation of aqueous ink] 
25 The following component s were mixed and stirred for 

one hour, v4iile the mixture was heated at 30*^ to 40^. 
Ihe resultant liquid was filtered under pressure through 
a micro- filter (average pore size: 0,8 /im, diameter: 47 
mm) to prepare a jet -printing aqueous ink. 
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Ink Oottposition 



azo dye (VII, sliawn bslow) 4 weight parts 

5 diethyXene glycol 9 weight parts 

tetraethylene glycol raonobatyl ether 9 weight parts 

glycerol 7 weight parts 

diethanolamine 1 weight parts 

water 70 weight parts 



10 



15 




NaOaS 



[Recording and evalixation of image] 

Using the prepared ink, an iitage v;as printed on a 
p(hoto-arloss paper slieet [Ink- jet paper (super photo 

20 grade), Fuji Photo Film Co., Ltd J and a super- fine gloss 
paper sheet {MJA4S3P, Seiko-Epson Co-, Ltd., ty means of 
an ink- jet printer [H4-700C, Seiko-Epson Co,, Ltd]* 

Each printed inage was evaluated from the viewpoints 
of hue and resistance against light. 

25 In consideration of the fact that an absorption hav- 

ing a sharp peak gives a clear hue, the inage was sub- 
jected to tneasureinent for reflection spectrum using a 
spectrophotometer and evaluated by ^'^^ following crite- 
ria: A {half width: less than 80 nm) , B (half width: 80 - 

30 100 nm) , G (broad) . 

The resistance against light was estimated in the 
following manner. The sarrple image was exposed to xenon 
light (85,000 Lux) by means of a weather meter [Atlas C, 
165] for 3 days, and then the image density was measured 

3"5 by means of a reflection densitometer [X-Rite 310TR] for 
estimating a residual amoxint of the dye. The dye residu- 
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al amoimt was classified 1^ the following criteria: 
A (residual amount: more than 80%), B (residual 

amount: 60 - 80%), C (residual amount: less than 60%). 
The results are set forth in T^le 1, 

5 • " . 

Comparison Examples 2 to 5 
Uie procedure for preparing an aqueous ink described 
in Comparison Exairple 1 was repeated using the aforemen- 
tioned azomethina dye (III-5) [for Corr5)arison Exanple 21 , 
10 azomethine dye (IV-2) [for COnparison Exairple 3 J , azo dye 
(V-6) [for Comparison Exairple.4] , or azo dye (VI-IO) [for 
Conparison Exanple 5] in place of the azo 'dye (VII) in 
the same amount, to prepare a jet-printing ink. Bach ink 
prepared had a viscosity of 5 cp at 25°C» 
15 The procedure for recording and evaluation of image 

described in Corttparison E?canple 1 was performed in the 
same manner for evaluating the prepared ink- Ihfe results 
are set fo2:tii in Table 1. 

20 Examples 1 to 4 

The procedure for preparing an aqueous ink described 

in Comparison Exanple 2, 2, 4, or 5 was repeated except 

for changing the amount of glycerol to 3 weight parts and 

incorporating 10 weight parts of the aforementioned basic 
25 polymer (A-4) [molecular weight (Mw) : 15,000], to prepare 

a jet -printing ink of Exanple 1/ 2, 3, or 4. Each ink 

prepared had a viscosity of 5 cp at 25°C, 

The procedure for recording and evaluation of image 

described in Comparison Exanple 1 was performed in the 
30 same manner for evaluating the prepared ink. The results 

are set forth in Table 1, 

Exarnples 5 to 8 
The procedure for preparing an aqaeous ink described 
35 in Coiparison Exarrple 2, 3, 4, or 5 was repeated except 
for changing the amount of glycerol to 5 weight parts and 
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incorporating 10 weight parts of the aforetnentioned basic 
polymer (A-23) , to prepare a jet -printing ink of Exairple 
5, 6, 7, or 8. Each ink prepared had a viscosity of 6 cp 
at 25^=^0. 

5 The procedure for recording and evaluation of image 

described in Coaparison Exairple 1 was perfoanned in the 
same manner for evaluating the prepared ink. Ihe results 
are set forth in Table 1- 



10 Examples 3 to 12 

The procedure for preparing an aqueous ink described 
in Cortparison Exarrple 2, 3, 4, or 5 was repeated except 
for changing the amount of glycerol to 2 weight parts and 
incorporating 10 weight parts of the aforementioned basic 

15 polymer (A- 24) , to prepare a jet -printing ink of Bxarrple 
9, 10, 11, or 12* Bach ink prepared had a viscosity of 6 
cp at 25®C. 

The procedure for recording and evaluation of image 
described in Comparison Exarrple 1 was performed in the 
20 same manner for evaluating the prepared ink. The results 
are set forth in Table 1. 



A-4 



A-23 



— {CH2^H)~ — (CH2--CH)7o- — {CH,"CH)3a- 



A-24 




0 ^ 
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table 1 



5 Iiik Polymer Dye Glycerol Vis. g^g^Q P^Pgr. fl^jpg paper . 

(vrt: .parts) (qo) Hue Res. Hue Res. 



Cotiparison. Bxanple 



1 


rjone 


VIII 


7 


5 


B 


A-B 


B-C 


B-C 


2 


none 


III-5 


7 


■ 5 


A 


A-B 


B 


C 


3 


none 


IV-2 


7 


5 


A-B 


A-B 


B 


c 


4 


none 


V-6 


7 


5 


A 


A-B 


B. 


c 


5 


none 


VI-10 


7 


5 


A-B 


A-B 




c 



15 



Exanple 



1 


A-4 


III-5 


3 


5 


A 


A 


A 


A-B 


2 


A-4 


IV-2 


3 


5 


A-B 


A 


' A-B 


A-B 


3 


A-4 


V-6 


3 


5 


A 


A 


A 


A-B 


4 


A-4 


VI-10 


3 


5 


A-B 


A 


A-B 


A-B 


5 


A-23 


III-5 


5 


6 


A 


A 


A 


A-B 


€ 


A-23 


IV-2 


5 


6 


A-B- 


A . 


A-B 


A-B 


7 


A-23 


V-6 


5 


6 


A 


A 


A 


A-B 


8 


A-23 


VI-10 


5 


6 


A-B 


A 


A-B 


A-B 




A-24 


III-5 


2 


6 


A 


A-B 


A 


B 


10 


A-24 


TV-2 


2 


6 


A-B 


A-B 


A-B 


B 


11 


A-24 


V-6 


2 


6 


A 


A-B 


A 


B 


12 


A-24 


VI-10 


2 


6 


A-B 


A-B 


A-B 


B 



30 : ' 

As is clear from tha results giv^ in Table 1, the 
jet -printing ink of the invention gives an image of good 
hue and high resistance to light in various receiving 
35 sheets. Further , the images formed of the inks of Exam- 
pies 1 to 12 Showed less blotting, and had good resis- 
tance in water. 
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Yf^nr, i« ffl'^^'med is; 

1. A jet printing ink conprising a dye and an 
5 aqueous medium, which further conprises a basic polynier 
having a side-chain containing a tertiary amino group, a 
quaternary aimoniutn group, or a nitrogen atom- containing 
heterocyclic group. 

10 2. The jet printing ink of claim 1, vflierein the 

basic polymer contains a repeating unit of the following 
formula (I) : 

(D ? 

L— Am 

in which R is a hydrogen atom or methyl; L is a single 
bond, -CO-, -0-, an alkylene group, an arylene group, or 
20 a combination thereof; and Am is a tertiary amino group, 
a quaternary ammonium group, or a nitrogen atom-ccmtain- 
ing heterocyclic group. 

3. The jet printing ink of claiJn 1, v4ierein the 
25 basic polymer has a side-chain containing a nitrogen 

atom- containing heterocyclic groi^. 

4. The jet printing ink of claim 1, wherein the 
nitrogen atom-containing heterocyclic group is l-imidazo- 

30 lyi. 

5. The jet printing ink of claim 1, wherein the 
basic polymer has a molecular weight in the range of 
1,000 to 100,000, 

35 
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6. The jet printing ink of claim 1, vAierein the 
basic polymer is contained in an amount of 0.1 to 50 
weight %. 

5 7* The jet printing ink of claim 1, which has a 

viscosity of 50 cp or lower at 25^C. 

8* The jet printing ink of claim 1, herein the 
dye is an azomethine dye or an azo dye. 

10 

9. A method of forming an ink image on a receiving 
sheet using an ink jet printer, which conprises jetting 
drops of an ink conprising a dye and an aqueous medium 
which fu3rt:her comprises a basic polymer having a side- 
15 chain containing a tertiary amino group, a quaternary 
anroonium group, or a nitrogen atom- containing heterocy- 
clic group- 
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ABSTRACT OF TMB DI5C!LDgURE 

An ink containing a dye and a basic polymer in an 
10 aqueous tnedi-um, in vAiich the basic polyct^er has a side- 
chain containing a tertiary amino group, a quateirnary 
atnrnoniuin group or a nitrogen atom-containing heterocyclic 
group is favorably enployed in a niethod of fomdng an ink 
ittiage on a receiving sheet usir^ an ink jet printer* 
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COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR UTILITY PATENT APPLICATION 



Anomey's Docket No. 



As a below-named inventor, I hereby declare that: 

My midence, post office address and citizenship are as suted below next to my name; 

I BELIEVE I AM THE ORIGINAL, FIRST AND SOLE INVENTOR (if only one name is listed below) OR AN 
ORIGINAL, FIRST AND JOINT INVENTOR {if more than one name is listed below) OF THE SUBJECT MATTER 
WHICH IS CLAIMED AND FOR WHICH A PATENT IS SOUGHT ON THE INVENTION ENTITLED: 



JET PRINTING INK AND INK-JET RECORDING METHOD 



ihe speciHcation of which 

(check one) is attached hereto: 

D was filed on m_^_ w 

Application No. - 

and was amended on r 

(if applicable) 



I HAVE REVIEWED AND UNDERSTAND THE CONTENTS OF THE ABOVE-IDENTIFIED SPEOFICATION, 
INCLUDING THE CLAIMS, AS AMENDED BY ANY AMENDMENT RErBRRED TO ABOVE; 

I ACKNOWLEDGE THE DUTY TO DISCLOSE TO THE OFFICE ALL INFORMATION KNOWN TO ME TO BE 
MATERIAL TO PATENTABILITY AS DEFINED IN TITLE 37, CODE OF FEDERAL REGULATIONS, Sec. L56 
(as amended effecuve March 16, 1992); 

I do not know and do not believe the said invention was ever known or used in the United States of America before 
my or our invention thereof or patented or described in any printed publication in my country before my or our 
invention thereof or more than one year prior to satd application; that said invention was not in public use or on sale in 
the United States of America more ifaan one year prior to said application; that said invention has not been patented or 
made the subject of an inventor's cenificate issued before the date of said application in any country foreign to the 
VnitGd States of America on any application filed by me or my le^al representatives or assigns more than twelve 
months prior to said implication; 

I hereby claim foreign priority benefits under title 35, United States Code Sec. 1 19 and/or Sec, 365 of any foreign 
app!icatiort(s) for patent or inventor's cenificate as indicated below and have also identified below any foreign 
application for patent or inventor's cenificate on this mention having a filing date before that of the application(s> on 
which priority is claimed: 
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COWIBFNeO DECLARATION AND POWER OF ATTORNEY 


Atiomcy's Docket No, 


COUNTRY/INTERNATIONAL 


APPUCATION NUMBER 


DATE OF FILING 


PRIORITY 
CLAIMED 


Jaoan 


10--278023 


30,09,1998 


YESS N0_ 








YES^ N0_ 



I hereby appoint the following attorneys and agftnt(5) to prosecute Sdtd application and to tr^sact all business In the Patent 
and Trademark Office cotusecced therewith and lo file, prosecute and to transact ail business In connection with intmationai 
^UcatloDs directed to said invention: 





17^37 


Saxnuet C. Miller, Ul 


27,360 


Robert M. Sohulman 


31,196 


Peter H. Sactolka 


15,913 


Rilph L. Fiteland* Jr. 


I6jt0 


WillfamC. Rcwtand 


30,888 


RobenS. Sweekcr 




RoMn G, MuUi 


2S.531 


T. Geae Diilafcunty 


25.423 


PiBton N. M^ros 




Ceofge A, Hovanec, Jr. 


28,223 


P^txkk C. KeaM 


32,558 


Bemofl S. Duffcct. )f . 


22,030 


Janes A. LaBam 


2^,632 


Bnice J. Boggs, Jr. 


32.344 


Joseph R. Magnone 


24^39 


E, Joseph Cess 


28.510 


Wmkm H. Senas 


25,952 


N^ntufl H. Stepno 


22,716 


R. Danny Huntington 


27,903 


Peter Skiff 


31,917 






Snc H. WeisbfaK 


. 70,505 


KkhiKh McGiaih 


29,195 


Frederick 0. Micjiatid. St. 


26.003 


laities W. Peterson 


26,0S7 


Matthew l, Schneider 


32*814 


Alan £. Kcpeckf 


2^,813 


Teresa Stantk Rea 


30,427 


Mi^eJ 0, Savftge 


32.596 


Rfrgis E. Sluiter 


26,999 


Robett E. Krebs 


2$M5 


Gerald F, Swiss 


30J13 



mi; ■ • ■ 

Address all correspondence to: Platoii N. Mandros 

BUFNSj DOANE, SWECKER ^ MaTHIS, L.L,P. 
RO. Box 1404 

Alexandria, Virginia 22313-1404 

Address aI3 telephone calls to: • at (703) 836-6620, 

I herei^ declare that all statwnents made herein of my own knowledge are true and that all statements made on Infonn^tion 
and belief are believed to be true; and further ihai these statements were made with the knowledge that willful false 
statements and the like so made arc punishable by fine or imprisonment, or both* under Section lOOI of Title 18 of the 
United States Code and that such wUEftil false statements may jeopardize the validity of the application or any patent issued 
thereon. 



FULL NAME OF SOLE OR FIRST INVENTOR 

Makoto Yamada 


SIGNATURE 


DATE 

27,09,1999 


RcSIPfiNCS - j CITIZENSHIP 

Mir^arni-ashigara-shi , Kanagawa, Japan ^ | Japan 




FUiiui-HChAUDKiiiti; e/o Fuji Photo Film Co,, Ltd,, No- D^aKanuma, Mlnami- 
ashigara-shi, Kanagawa, 250-0123 Japan 


FULL NAME OF SECOND JOINT INVENTOR. IF AN Y 

Toshiki Fujiwara 


SIGNATURE 


PATE 

27,09,1999 


RESIDENCE ' PcmZENailP 

Hinami-ashigara-shi; Kanagawa, Japan j Japan 




FoyroFFicBADDREss c/o Fu j 1 Photo Film Co,, Ltd.. No. 210, Nakanuma, Minami- " 
ashigara-shi, Kanagawa, 250-0123 Japan 


FULL NAME OF THIRD JOINT INVSNTOR, IF ANY 

RESIDENCE — H 1 


SIGNATURE " 1 


DATE 




J CmZENSHIP 




POST OFFICE APDRESS . 
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